Background {#Sec1}
==========

Patient Reported Outcomes (PROs) are patients´ own perceptions and evaluations of symptoms, functioning and other health-related factors, and are important elements for providing good patient care \[[@CR1]\]. A symptom is defined as any subjective evidence of a disease, health condition, or treatment-related effect that can be noticed and known only by the patient \[[@CR1]\]. In contrast, a "sign" is any objective evidence of disease that can be identified by health care personnel by observations, examinations, biomarkers, imaging etc. or may be noticed and reported by the patient \[[@CR1]\]. Symptoms may indicate the presence of a disease or a disorder but may also reflect normal variations in physical or psychological states as commonly experienced by most individuals. Symptoms are common in the general population \[[@CR2]--[@CR5]\]. A large Danish nationwide cohort study with 49, 706 respondents representative of the general population demonstrated that symptoms were common; about 9 out of 10 respondents reported at least one symptom within the preceding 4 weeks \[[@CR2]\]. Other population studies have reported that 75 and 90% had experienced at least one symptom in the previous 2 weeks and 30 days respectively \[[@CR3], [@CR5]\]. Some symptoms have low positive predictive value for disease while others are stronger predictors \[[@CR6]\]. As this may vary for different symptoms across patient populations, reference values from the general population provide important information about the predictive values of symptoms for disease. The prevalence of symptoms in the general population is found to be associated with factors such as chronic conditions, age, employment status, living situation and psychiatric disorders \[[@CR3], [@CR7]\]. The number of symptoms is also documented to have a linear relationship with functional status \[[@CR4]\].

Patient-Reported Outcome Measures (PROMs) denote any standardized measure of a PRO, i.e. a questionnaire, of a patient's health and quality of life (QoL) \[[@CR8]\]. These questionnaires are intended for self-completion by patients, in the form of the traditional paper forms or more recently in electronic formats (e-PROMs) for use on different platforms, e.g. cell phones, computers, tablets etc. \[[@CR9]\]. PROMs provide information that comes directly from the patient \[[@CR8]\]. In clinical care, PROMs can be used alongside laboratory tests and imaging, if properly assessed and followed. Regular and systematic use of PROMs may improve communication between patients and health care providers \[[@CR10]\] and be used to monitor treatment response and detect unrecognized problems or problems not reported spontaneously by the patient \[[@CR11]\]. Beyond their clinical utility, PROMs are increasingly being used as outcomes in epidemiologic, health economic and clinical research \[[@CR12]\]. PROMS are also central components of patient-centered care \[[@CR13], [@CR14]\]. Recent studies suggested that active use of PROMs during treatment for advanced cancer may even prolong survival \[[@CR15]--[@CR17]\].

Clinicians or researchers often request reference data to facilitate the interpretation of patient data or study results \[[@CR18]\]. Reference values for PROMs facilitate the interpretation of PROMs scores both in clinics and research settings, by comparing patient data with relevant samples from the general population. Reference values may also be used to evaluate the relative symptom burden of a disease in a given diagnosis, when controlled after adjusting for relevant covariates \[[@CR19]\]. Hence, a number of datasets with population-based reference data have been published and are frequently being used, e.g. the Patient-Reported Outcomes Measurement Information System \[[@CR19]\], European Organisation for Research and Treatment of Cancer (EORTC) Core Quality of Life Questionnaire C30 \[[@CR20], [@CR21]\] and the Functional Assessment of Cancer Therapy-General \[[@CR22]\]. Reference values make comparisons between samples possible, but this requires adjusting for known variables that affect the outcomes, e.g. age, sex, residence, education, comorbidities and other sociodemographic variables \[[@CR20], [@CR23]\]. As reference values are based on self-report, as are patient-reported outcomes, there is not and should not be, a golden standard for a given symptom score as is the case. In contrast to e.g. reference values for laboratory results, the principle of PROs as part of patient-centered care is to assess the patients' own perception of symptoms and QoL. As such, reference data provide information about the distribution of self-reported QoL scores for given reference populations. These scores can be used as reference against which patient scores can be compared. If the average score in a patient group is significantly higher or lower than expected after controlling for known covariates, follow-up of potential disease or treatment side effects may be indicated \[[@CR24]\]. The relevance of valid reference data is illustrated in follow-up studies among cancer survivors, which may go beyond 20 years post-treatment \[[@CR25], [@CR26]\]. During such a long period, common age-related health problems and life events may influence which symptoms the cancer survivors experience and how they perceive their QoL and level of functioning. By comparing with data from the general population one can ascertain if cancer survivors are at excess risk for specific symptoms and health problems compared to individuals with similar age, sex and other background variables.

The M.D. Anderson Symptom Inventory (MDASI) is a brief, reliable and valid tool for self-report of symptoms commonly experienced by patients with cancer and also assesses their impact on daily functioning \[[@CR27]\]. The MDASI is frequently used in clinical cancer care \[[@CR28], [@CR29]\]. Importantly, all MDASI symptoms are prevalent in the general population and how self-reported severity of symptoms interfere daily living is an important issue in all populations. Reference values for the MDASI from the general adult population therefore allow for interpretation of scores from patient samples and for comparison across studies and between relevant populations samples. Up until now, there are no reference values for the MDASI from the Norwegian population, nor have we found this from other countries.

On this background, study objectives were to (1) present reference values for the M.D. Anderson Symptom inventory (MDASI), (2) examine the occurrence and intensity of symptoms assessed by the MDASI in a general Norwegian adult population sample, and (3) examine factors associated with higher symptom burden defined as the sum score of all symptoms, and factors associated with symptoms\` interference on functions.

Methods {#Sec2}
=======

Data collection {#Sec3}
---------------

In the spring 2015, 6165 subjects, aged 18--80 years, and representative of the general Norwegian adult population with respect to age, gender and place of residence, were randomly drawn by Bring Dialog \[[@CR30]\]. They received a mailed questionnaire packet on paper containing the Short-Form Health Survey-36 (SF-36), version 1 \[[@CR31], [@CR32]\], the M.D. Anderson Symptom Inventory (MDASI) \[[@CR27]\], the Fatigue Questionnaire (FQ) \[[@CR33]\] and the Patient Health Questionnaire-9 (PHQ-9) \[[@CR34], [@CR35]\]. The questionnaire packet also included questions covering 13 comorbidities \[[@CR36]\] and 14 questions related to socio-demographic variables, physical activity, general health and contact with health care providers. Socio-demographic variables (see below), comorbidities, the MDASI and the PHQ-9 were used in this study.

Socio-demographic variables {#Sec4}
---------------------------

Socio-demographic variables included year of birth, sex, and level of education. Education was divided into three groups referring to highest level of completed education: elementary and/or primary school; second level (high school); and third level (university college or university). Comorbidities were self-reported on a modified version of the Self-Administered Comorbidity Questionnaire (SCQ) \[[@CR36]\]. The subjects were asked "do you have, or have you ever had, any of the following diseases/problems?"

Instruments {#Sec5}
-----------

### The M.D. Anderson symptom inventory (MDASI) {#Sec6}

The M. D. Anderson Symptom Inventory (MDASI) was developed by the Pain Research Group at M. D. Anderson Cancer Center at the University of Texas. Validation studies have shown that the MDASI is useful for symptom surveys, clinical trials, and patient follow-up care \[[@CR28], [@CR37], [@CR38]\]. MDASI is designed for use in cancer populations \[[@CR27]\], hence applies to patients with various cancer diagnoses and types of treatment. MDASI assesses the severity of 13 frequent symptoms experienced during the last 24 h (pain, fatigue, nausea, sleep disturbance, distress, shortness of breath, difficulty remembering, lack of appetite, drowsiness, dry mouth, sadness, vomiting, numbness/tingling) in patients with cancer. The response alternatives are 0--10 on numerical rating scales, with 0 meaning "not present" and 10 meaning "as bad as you can imagine". In this study, a cut off ≥1 was chosen to denote any presence of a symptom. These 13 items not only account for the most frequently reported symptoms by cancer patients, but they are also common reasons for contact with the health care system in the general population \[[@CR27], [@CR39]\]. In addition, the MDASI includes another six questions on how much the symptoms interfere with general activity, mood, work, relations with other people, walking and enjoyment of life. The interference items are also measured on 0--10 scales, with 0 meaning "did not interfere," and 10 meaning "interfered completely". The first introductory sentence in the MDASI refers to people with cancer *"people with cancer frequently have symptoms that are caused by their disease or by their treatment"*. For the purpose of this survey, the sentence was changed to: "*many people often have symptoms due to injuries or disease*". Thus, the word cancer was omitted from the questionnaire.

The translation of MDASI into Norwegian followed the multi-step, well-established 2009 procedures developed by the EORTC Quality of Life Group \[[@CR40]\]. This includes two independent forward translations from English to Norwegian by native speakers of Norwegian language with good knowledge of English. A third person fluent in both languages merged the translations into a reconciled version, that was back-translated by two persons having a very good command of English. When comparing the original and the back-translated English versions, no translation problems became apparent. The Norwegian version of the MDASI was proof-read and pilot-tested by six persons who found the comprehensibility and clarity satisfactory according to the EORTC debriefing interviews (length, relevance, confusing, upsetting and intrusive items, unclear wording) \[[@CR40]\]. Permission to translate and use the MDASI was obtained from MD Anderson, TX, USA.

### The patient health Questionnaire-9 (PHQ-9) {#Sec7}

PHQ-9 is a nine-item questionnaire designed to screen for depression \[[@CR35]\]. The nine items correspond to the DSM-5 diagnostic criteria for major depressive disorder \[[@CR41]\]. The response alternatives are the frequency to which these symptoms have been bothersome during the past 2 weeks, divided in four categories: 0 = *not at all*, 1 = *several days*, 2 = *more than half of the days* and 3 = *nearly every day*. "Major depression" is diagnosed if five or more of the symptoms have been present at least "more than half the days" in the past 2 weeks provided that one of these is item 1 (depressed mood) or item 2 (anhedonia). As a severity measure, the PHQ-9 score ranges from 0 to 27, since each item can be scored from 0 to 3. In the present study, the four somatic depression symptoms in the PHQ-9 are excluded to avoid overlap with MDASI (sleep-problems, fatigue, weight/appetite change and psychomotor retardation). The instrument will hereafter be referred to as the PHQ. Here, the score ranges from 0 to 15. We have previously shown that the agreement between the 9 - and 5 - item versions in detecting depression was excellent \[[@CR42]\].

Statistical analysis {#Sec8}
--------------------

The returned questionnaires that were blank, had no data on sex or missed more than half of the individual MDASI symptoms were excluded from analysis. Standard descriptive analyses were used with the baseline characteristics. Variables examined included age, gender and education. The number of age groups was limited to six: 18--29, 30--39, 40--49, 50--59, 60--69, and 70--80 years. The number of comorbidities were grouped as follows: Category 0 (no comorbidity), category 1 (1--2 comorbidities) and category 2 (≥ 3 comorbidities). Basic descriptive analyses were used for the number and intensity of MDASI symptoms. The total MDASI sum score for the 13 symptoms was calculated (possible range 0--130; the sum of scores for the 13 individual symptoms).

Associations between the MDASI sum score as the dependent variable, and age, sex, education, comorbidity and depression as independent variables were analyzed using linear multivariable regression. Univariable linear regression was used to examine for factors associated with MDASI sum score. Variables from the univariable analyses with a *p*-value ≤0.10 were included in the multivariable regression model, which also included sex and age regardless of the significance in the univariable analyses. The six MDASI interference items were used as dependent variables in separate analyses. The corresponding effect sizes are reported as unstandardized coefficients and 95% confidence interval (CI). A *p*-value of \< 0.05 was used to denote statistical significance.

The statistical software applied was IBM SPSS Statistics for Windows, version 25.0, (IBM Corporation, Armonk, NY, USA).

Ethical considerations {#Sec9}
----------------------

The study was performed according to the rules of the Helsinki declaration. All respondents received written information about the study. Return of the questionnaires was taken to indicate written, informed consent. The Regional Committee for Medical and Health Research Ethics (REC) South East Norway approved the survey (2014/1172).

Results {#Sec10}
=======

The overall response rate was 36%. Of the 2130 returned questionnaires, 23 were blank, 21 had no data on sex, and 65 had responded to less than half of the individual MDASI symptoms. All these respondents were omitted, giving a sample of 2021. Missing values of the MDASI ranged from 0.1% (*n* = 3, numbness) to 1.4% (*n* = 28, fatigue).

More women (54%) than men (46%) responded. As shown in a previous publication from the same material \[[@CR32]\], the response rate for both men and women was 5% in the youngest age group (≤ 29 years) which was significantly lower compared to the other groups (*p* \< 0.001). Mean age of the study sample was 55 years (SD 14) (Table [1](#Tab1){ref-type="table"}). Forty-six% of the respondents had university college or university education. Table 1Socio-demographic characteristics, and mean MDASI sum scoreVariablesPopulation (*N* = 2021)Mean MDASI sum score (SD)^a^Age Mean (±SD)55 (14) Min.-Max.18--79Age groups, N (%) ≤ 29 years101 (5.0)18.78 (20.24) 30--39 years197 (9.7)15.76 (18.89) 40--49 years390 (19.3)14.68 (18.15) 50--59 years467 (23.1)15.46 (17.88) 60--69 years499 (24.7)15.13 (18.63) ≥ 70 years367 (18.2)15.84 (17.91)Gender, N (%) Women1101 (54)16.71 (18.83) Men920 (46)14.03 (17.65)Education, N (%), Missing 10 (0.5) Elementary and/or primary school344 (17.1)18.63 (20.55) Second level (high school)751 (37.3)16.98 (19.57) Third level (university college or university)916 (45.5)12.98 (15.95)Number of comorbidities, N (%) 0856 (42) 1--2912 (45) ≥ 3253 (13)^a^Min-max 0--130

Table [2](#Tab2){ref-type="table"} shows the frequency of comorbidities. Forty-two% reported no comorbidities, 45% reported one or two while 13% reported three comorbidities or more. The most frequent were hypertension, arthrosis and depression. Arthrosis and depression were more common in women (23.6 and 15.3% vs. 12.5 and 9.3%), while there was no difference regarding hypertension between men and women. Depression was more common among women in the youngest age group (23.1%) compared to women ≥70 years (15.3%). Table 2Comorbidities ^a^, overall and by sexComorbidityAll\
N (%)Women N (%)\
*N* = 1101Men N (%)\
*N* = 920Heart disease135 (6.7)34 (3.1)101 (11.0)Hypertension482 (23.8)262 (23.8)220 (23.9)Chronic lung disease205 (10.1)116 (10.5)89 (9.7)Diabetes113 (5.6)44 (4.0)69 (7.5)Kidney disease40 (2.0)17 (1.5)23 (2.5)Liver disease23 (1.1)9 (0.8)14 (1.5)Stomach/Bowel disease123 (6.1)62 (5.6)61 (6.6)Rheumatic disease145 (7.2)100 (9.1)45 (4.9)Arthrosis375 (18.6)260 (23.6)115 (12.5)Epilepsy22 (1.1)16 (1.5)6 (0.7)Stroke60 (3.0)27 (2.5)33 (3.6)Depression259 (12.8)169 (15.3)90 (9.8)Other psychiatric conditions155 (7.7)99 (9.0)56(6.1)^a^The Self-Administered Comorbidity Questionnaire \[[@CR36]\]

The most frequent symptoms were fatigue (59.7%), drowsiness (56.2%) and pain (56.1%). When using a cut off ≥3, the prevalence was 34.8% for fatigue, 34.2% for pain and 26.7% for drowsiness (Table [3](#Tab3){ref-type="table"}). The mean scores for the 13 symptoms by age and sex are presented in Table [4](#Tab4){ref-type="table"}. Fatigue, pain and disturbed sleep had the highest mean scores overall (Fig. [1](#Fig1){ref-type="fig"}). Fatigue had the highest mean score; 2.39 in women and 1.90 in men. The mean scores for fatigue were highest in the youngest age group (\< 30 years), with higher score for women (3.45) than in men (2.36). Overall, the mean scores for pain were 2.24 in women and 1.94 in men, and the mean scores for disturbed sleep were 1.93 in women and 1.42 in men. Table 3Frequency of symptoms (MDASI score), N (%)SymptomMDASI score ≥ 1MDASI score ≥ 3Pain1125 (56.1)692 (34.5)Fatigue (tiredness)1190 (59.7)704 (35.3)Nausea305 (15.3)134 (1.3)Disturbed sleep913 (45.5)507 (25.3)Being distressed913 (45.5)433 (21.6)Shortness of breath600 (30.0)289 (14.4)Remembering699 (34.9)276 (13.8)Lack of appetite357 (17.8)148 (7.4)Drowsy1127 (56.2)540 (26.9)Dry mouth578 (28.8)285 (14.2)Sad789 (39.2)374 (18.6)Vomiting164 (8.1)69 (3.4)Numbness or tingling503 (24.9)265 (13.1)Table 4Mean MDASI scores (SD)^a^ by sex and age groups, *N* = 2021SymptomsAge groupsTotal18--29 years30--39 years40--49 years50--59 years60--69 years70--80 yearsWMWMWMWMWMWMWM(*n* = 64--65)(*n* = 36)(*n* = 115--116)(*n* = 80--81)(*n* = 222--227)(*n* = 162--163)(*n* = 251--257)(*n* = 207--210)(*n* = 242--248)(*n* = 248--251)(*n* = 182--188)(*n* = 174--179)(*n* = 1084--1101)(*n* = 914--920)Core items Pain1.69 (2.44)1.17 (2.12)1.69 (2.49)1.64 (2.35)2.22 (2.71)1.90 (2.34)2.39 (2.65)1.97 (2.58)2.53 (2.78)2.04 (2.46)2.21 (2.58)2.10 (2.51)2.24 (2.66)1.94 (2.46) Fatigue3.45 (2.86)2.36 (2.58)2.87 (2.75)1.96 (2.32)2.53 (2.78)1.94 (2.43)2.57 (2.67)1.87 (2.39)2.03 (2.61)1.90 (2.31)1.78 (2.20)1.80 (2.23)2.39 (2.66)1.90 (2.34) Nausea1.03 (2.03)0.56 (1.59)0.74 (1.62)0.28 (0.97)0.64 (1.70)0.22 (0.83)0.55 (1.61)0.41 (1.51)0.40 (1.40)0.24 (0.84)0.51 (1.37)0.40 (1.28)0.57 (1.58)0.32 (1.16) Disturbed sleep2.47 (3.41)1.92 (3.00)1.70 (2.54)1.57 (2.53)1.87 (2.84)1.26 (2.26)2.05 (2.68)1.56 (2.41)1.83 (2.53)1.44 (2.34)1.95 (2.48)1.23 (2.10)1.93 (2.68)1.42 (2.34) Distress/feeling upset2.55 (3.12)1.72 (2.25)2.00 (2.70)1.84 (2.24)1.63 (2.54)1.09 (2.12)1.58 (2.27)1.39 (2.32)1.58 (2.40)1.18 (2.13)1.54 (2.22)1.09 (1.83)1.68 (2.46)1.27 (2.14) Shortness of breath0.88 (1.88)0.58 (1.34)0.64 (1.60)0.99 (2.11)0.66 (1.76)0.72 (1.77)0.67 (1.69)0.85 (1.78)1.20 (2.30)1.19 (2.12)1.45 (2.43)1.36 (1.98)0.93 (2.02)1.02 (1.94) Difficulty remembering1.39 (2.64)0.64 (1.48)1.07 (2.12)0.62 (1.72)1.17 (2.24)0.67 (1.52)0.98 (1.83)0.78 (1.57)0.86 (1.65)0.88 (1.50)1.01 (1.63)1.40 (2.11)1.03 (1.94)0.89 (1.69) Lack of appetite0.83 (1.92)1.00 (1.97)0.80 (2.07)0.38 (1.34)0.34 (1.12)0.36 (1.22)0.47 (1.35)0.52 (1.60)0.53 (1.62)0.54 (1.49)0.66 (1.61)0.55 (1.34)0.55 (1.55)0.51 (1.46) Drowsiness2.66 (2.62)2.17 (2.74)2.26 (2.71)1.89 (2.51)1.96 (2.55)1.84 (2.31)1.98 (2.49)1.75 (2.46)1.57 (2.26)1.73 (2.20)1.63 (2.26)1.56 (2.09)1.89 (2.46)1.75 (2.31) Dry mouth0.55 (1.23)0.92 (2.03)0.59 (1.72)0.59 (1.74)0.65 (1.86)0.68 (1.69)1.08 (2.22)0.76 (1.80)1.14 (2.22)1.10 (2.18)1.66 (2.54)1.40 (2.32)1.02 (2.14)0.95 (2.02) Sadness2.15 (2.70)1.67 (2.88)1.84 (2.89)1.16 (1.86)1.48 (2.44)1.03 (2.04)1.34 (2.21)1.19 (2.19)1.29 (2.32)1.02 (1.94)1.22 (2.16)1.14 (2.17)1.44 (2.39)1.12 (2.10) Vomiting0.58 (1.81)0.17 (0.70)0.30 (1.16)0.31 (1.11)0.26 (1.26)0.11 (0.63)0.26 (1.23)0.23 (1.09)0.19 (1.03)0.26 (1.04)0.35 (1.18)0.25 (1.11)0.28 (1.22)0.22 (1.00) Numbness/tingling0.57 (1.37)0.50 (1.40)0.71 (1.67)0.59 (1.57)0.92 (2.21)0.74 (1.76)0.85 (1.85)0.82 (1.88)1.01 (2.11)0.80 (1.89)1.11 (2.07)0.85 (1.76)0.91 (1.99)0.77 (1.79)Interference items General activity2.17 (2.66)1.44 (2.20)1.75 (2.52)1.65 (2.52)1.94 (2.80)1.65 (2.55)1.83 (2.65)1.54 (2.44)1.95 (2.70)1.49 (2.43)1.78 (2.63)1.39 (2.14)1.88 (2.67)1.52 (2.30) Mood2.69 (2.87)2.08 (2.38)2.30 (2.69)1.73 (2.28)1.96 (2.67)1.77 (2.50)1.56 (2.28)1.25 (1.99)1.38 (2.21)1.15 (1.93)1.34 (2.02)1.20 (2.03)1.71 (2.42)1.38 (2.14) Working2.31 (2.92)1.92 (2.68)2.29 (3.00)1.68 (2.38)2.12 (2.96)1.84 (2.70)1.96 (2.75)1.44 (2.43)1.99 (2.78)1.32 (2.30)1.98 (2.74)1.38 (2.20)2.06 (2.83)1.51 (2.41) Relations with other people2.20 (2.76)1.89 (2.71)1.89 (2.66)1.41 (2.52)1.61 (2.49)1.46 (2.42)1.30 (2.17)1.00 (1.98)1.38 (2.39)0.96 (1.78)1.04 (2.00)1.02 (2.00)1.45 (2.37)1.15 (2.11) Walking0.45 (1.49)0.36 (1.44)0.34 (0.93)0.67 (1.97)0.77 (2.05)0.61 (1.68)1.05 (2.22)0.86 (2.14)1.51 (2.79)1.02 (2.13)1.79 (2.99)1.32 (2.41)1.11 (2.39)0.91 (2.10) Enjoyment of life1.68 (2.50)1.83 (2.71)1.58 (2.56)1.44 (2.42)1.49 (2.52)1.37 (2.32)1.36 (2.22)1.20 (2.25)1.47 (2.65)1.18 (2.16)1.41 (2.31)1.27 (2.38)1.46 (2.45)1.29 (2.30)*W* women, *M* men^a^0 ("not present") to 10 ("as bad as you can imagine") NRS scaleFig. 1Distribution of scores 0--10 on pain, fatigue, sleep

Univariable regression analysis showed a significant positive association between the presence of one or more comorbidities (*p* \< 0.001) and PHQ- score and MDASI sum score (*p* \< 0.001). Level of education was also associated with MDASI sum score (*p* \< 0.001), while no association was found with age (*p* = 0.5). Further, because of the low response rate in youngest age group separate analyses were done without this age group yielding similar results.

Multivariable linear regressions (Table [5](#Tab5){ref-type="table"}) showed positive significant associations between the MDASI sum score and depression on the PHQ (*p* \< 0.001) and the presence of one or more comorbidities (*p* \< 0.001). Participants with the highest education level had significantly lower MDASI sum score than respondents with education in elementary and/or primary school (*p* = 0.006) and second level (high school) (*p* = 0.003). Women had significantly higher MDASI sum score than men in univariable analyses (*p* = 0.001), but not in the multivariable regression model. The overall model fit was *R*^*2*^ = 0.45. Table 5Multiple linear regression on the MDASI sum score with age, sex, education, comorbidity and depression as explanatory variables (*N* = 2021)MDASI sum score^a^Adjusted *R*^*2*^ = 0.45B95% CIpAge groups0.446 18--29 years0.397−2.761, 3.5550.805 30--39 years−0.449−2.985, 2.0870.728 40--49 years− 1.214−3.318, 0.8900.258 50--59 years0.735−1.244, 2.7150.466 60--69 years0.292−1.583, 2.1670.760 70--80 years (ref)--Sex0.109 Women0.99−0.222, 2.2020.109 Men (ref)--Education0.002 Elementary and/or primary school2.5910.759, 4.4230.006 Second level (high school)2.0290.695, 3.3630.003 Third level (university or university college) (ref)--Comorbidities0.000 0 (ref)-- 1--23.4522.116, 4.7890.000 ≥310.6938.627, 12.7600.000Depression0.000 PHQ score4.6854.412, 4.9580.000^a^Demographic and disease-related variables that were significantly correlated with MDASI sum score in the univariable analyses were entered as covariates

Each interference item was used as the dependent variable in separate multivariable linear regression analyses (Table [6](#Tab6){ref-type="table"}), with age, sex, education, comorbidity, PHQ score and MDASI sum score as independent variables. Comorbidities, PHQ score and MDASI sum score were significantly associated with both general activity and work as the dependent variables (*p* ≤ 0.001). Increased number of comorbidities and higher MDASI sum score were significantly associated with higher score on the interference item walking (*p* \< 0.001). Further, the multivariable regression analyses showed that PHQ score and MDASI sum score were significantly associated (*p* \< 0.001) with mood, relations and enjoyment of life as dependent variables. Table 6Multiple linear regression with the six interference items as the outcomes for all respondents included (*N* = 2021) ^a^General activityMoodWorkingRelationsWalkingEnjoyment of lifeAdjusted *R*^*2*^ = 0.460Adjusted *R*^*2*^ = 0.584Adjusted *R*^*2*^ = 0.516Adjusted *R*^*2*=^ 0.543Adjusted *R*^*2*^ = 0.291Adjusted *R*^*2*^ = 0.589B95% CIpB95% CIPB95% CIpB95% CIpB95% CIpB95% CIpAge groups 18--29 years0.100−0.339, 0.5390.6550.660.32, 0.9950.0000.04−0.39, 0.480.8480.430.08, 0.770.016− 0.98−1.42, − 0.540.000− 0.25− 0.60, 0.110.176 30--39 years0.1810.173, 0.5340.3160.580.32, 0.850.0000.27− 0.08, 0.620.1260.350.08, 0.630.012−0.77−1.12, − 0.420.000− 0.10−0.39, 0.180.473 40--49 years0.3810.087, 0.6740.0110.540.32, 0.760.0000.370.08, 0.650.0130.360.13, 0.590.002−0.53−0.83, − 0.240.000− 0.02− 0.26, 0.220.857 50--59 years0.233− 0.044, 0.5090.0990.13− 0.08, 0.340.2130.07−0.20, 0.340.6100.07−0.15, 0.280.546−0.38−0.66, − 0.100.007−0.06− 0.28, 0.170.628 60--69 years−0.036, 0.4890.0910.07−0.30, 0.270.5020.04−0.22, 0.2960.7710.14−0.07, 0.350.187−0.14−0.41, 0.120.2870.06−0.16, 0.270.609 70--80 years (ref)------------Sex Women0.084−0.085, 0.2530.3310.02−0.11, 0.150.750.220.06, 0.390.0090.02−0.12, 0.160.7750.06−0.11, 0.230.470−0.13−0.27, 0.010.066 Men (ref)------------ Education0.536-- Second level, first stage0.145−0.111, 0.4020.267--0.11−0.14, 0.360.387--0.360.10, 0.610.0070.08−0.13, 0.290.446 Second level, second stage0.026−0.160, 0.2120.783--0.10−0.09, 0.280.31--0.05−0.14, 0.230.611−0.14−0.29, 0.020.077 Third level (ref)------------Comorbidities 0−0.672−0.967, −0.3770.000−0.07−0.30, 0.160.530−0.48− 0.77, − 0.190.0010.260.02, 0.500.033−0.81−1.10, − 0.510.000−0.17− 0.41, 0.070.160 1--2−0.384− 0.660, − 0.1070.007−0.01− 0.22, 0.210.960− 0.32−0.60, − 0.050.0200.340.12, 0.560.003−0.78−1.06, − 0.510.000− 0.18−0.41, 0.040.107  ≥ 3 (ref)--------Depression PHQ score0.1750.127, 0.2240.0000.340.30, 0.370.0000.260.21, 0.310.0000.360.32, 0.400.000−0.03−0.08, 0.020.2240.470.43, 0.510.000Symptom burden MDASI sum0.0750.068, 0.0810.0000.060.06, 0.670.0000.080.07, 0.080.0000.060.05, 0.060.0000.060.05, 0.070.0000.050.05, 0.060.000^a^ Demographic and disease-related variables that were significantly correlated with MDASI sum score in the univariable analyses were entered as covariates

Discussion {#Sec11}
==========

This study provides the first Norwegian reference values for the MDASI based on data from 2021 men and women aged 18--80 years collected in 2015. The most frequent symptoms overall were fatigue, drowsiness and pain. Fatigue, pain and disturbed sleep had the highest mean scores. The mean scores for fatigue were highest in the youngest age group (18--29 years). The presence of one or more comorbidities, increasing levels of depressive symptoms and lower level of education were significantly associated with a higher MDASI sum score. Comorbidity showed the strongest association; having three or more comorbidities increased the MDASI sum score with 10 points in average. Sex was not significantly associated with MDASI sum score when education, depression and comorbidities were controlled for in the regression model.

The Health Study of Nord-Trøndelag County (HUNT 3) found that the prevalence of chronic pain was 36% among women and 25% among men, and that the prevalence increased with age \[[@CR43]\]. A random sample of participants were followed with annual measures over 4 years \[[@CR44]\]. Here, pain intensity ranging from no pain to very mild, mild, moderate, severe and very severe pain was included to identify clinically important pain. A cut-off between mild and moderate pain may identify individuals with complex pain \[[@CR45]\]. In our study, a cut off ≥1 was chosen to identify the presence of a symptom. By increasing the cut off to ≥3, the prevalence was about 34% for pain, which corresponds to the finding in the HUNT 3 study.

Previous studies have shown that women generally report a higher number of symptoms than men \[[@CR3], [@CR5], [@CR46], [@CR47]\]. A Norwegian population study \[[@CR47]\] also found that women reported a higher number of symptoms than men, although the association between somatic symptoms and anxiety and depression was equally strong in men and women indicating that the difference in prevalence of these conditions between the sexes could not explain the difference in the reported number of somatic symptoms. Elnegaard et.al \[[@CR2]\]. found no sex differences for almost 2/3 of the reported symptoms leading to contact with a general practitioner in their population study. In our study, more women (15%) than men (9%) reported depression on the PHQ-9. This might explain why sex was not associated with symptom sum score when controlling for depression.

Across the lifespan, depression is almost twice as common in women as in men. The prevalence of major depressive episode worldwide is approximately 5% \[[@CR48]\]. However, major depressive disorder is different from feelings of sadness which also may lead to increased symptom score. The PHQ-9 is a tool that can be used to identify and assess depression, but it is important to also assess contextual factors like alternative psychiatric diagnoses, a medical illness, or the side-effects of medication \[[@CR49]\]. We used the PHQ-9 as a measure of depressive symptoms, and not as a measure of depressive disorder. Symptom criteria for depression overlap symptoms of cancer and other comorbidities, e.g. fatigue, poor appetite and sleep problems \[[@CR50]\]. In patients with increased symptom burden, exclusion of somatic symptom criteria in the PHQ-9 may reduce the likelihood of being false positive categorized as depressed \[[@CR42]\]. In this study, the four somatic depression symptoms in the PHQ-9 were excluded to avoid overlap with the MDASI. We found a significant association between higher levels of depressive symptoms and higher MDASI sum score.

Comorbidities were significantly associated with an increased MDASI sum score in our study. A cross-sectional study from the USA \[[@CR51]\] found that symptom scores on all domains were significantly worse in people with multiple sclerosis than in the general population, also after adjusting for age and sex. Similarly, a study found that patients with systemic lupus erythematosus had symptom scores that indicated poorer average health status compared with the general population \[[@CR52]\]. A survey among patients with type 2 diabetes in primary care found that the study population reported more problems with physical functioning and pain compared to the general population \[[@CR53]\]. This illustrates the importance of reference values when comparing differences in daily function for populations with a specific disease and the general population. It is important to adjust for comorbidities when comparing different populations in terms of level of symptom scores. This also applies to other variables that significantly affect the symptom level, like depression and education. The independent variables included in the multiple regression model explained 45% of the variance in MDASI sum score. By controlling for relevant associated factors, potential bias is likely to be reduced.

Comorbidity, depression and MDASI sum score were significantly associated with the interference items general activity and work. Depression and MDASI sum score were negatively associated with enjoyment, mood and relations to other people. Bruusgaard et.al \[[@CR4]\]. found a strong linear association between the number of self-reported symptoms and decreased functional status in the Norwegian Ullensaker population study. Anxiety and depression were symptoms that had substantially higher explanatory power on functional status than other symptoms \[[@CR4]\]. This in in agreement with the findings in our study, with depressive symptoms being associated with all interference items but walking. These findings indicate that interference is influenced by other variables than just symptoms. This does not only apply to the emotional domains like enjoyment and mood, but also to the more functional ones like work and general activity.

Limitations {#Sec12}
-----------

The randomly drawn sample was assumed to be representative of the general Norwegian population with respect to age, sex, and place of living. However, only 36% of the sample responded to the survey. Compared to collection of Norwegian reference values for the SF-36 in 1996 and 2002 this response rate was low \[[@CR32]\]. The decline in response rates from 67% in 1996 to 36% in 2015 is in line with other postal surveys \[[@CR3], [@CR23], [@CR54], [@CR55]\]. Another Norwegian study found that health-related quality of life was relatively stable in two cross-sectional studies over an 8 year period despite the response rate being 68% in the first study and 35% in the second \[[@CR56]\]. Surveys are used to describe large populations, and high response rates are valued to reduce the risk of bias. However, nonresponse bias is only indirectly related to nonresponse rates and there is little empirical support for the notion that low response rates are more prone to nonresponse bias than samples with higher response rates \[[@CR57]\]. The fact that response rates in sample surveys in general have declined over the past decades is challenging for population studies \[[@CR57]\]. Innovation in epidemiologic studies should involve development of recruitment techniques that optimize participation \[[@CR58]\]. A large Danish population study from 2015 \[[@CR2]\] used web-based questionnaires and had a response rate of 52%. In our study, the paper-based questionnaire was not available in an electronic version.

The fact that a large proportion of the respondents had university level education may be considered as a potential bias regarding the representativity of the sample. According to Statistics Norway \[[@CR59]\] 32% of the Norwegian population had higher education in 2015, 41% had finished high school and 27% had finished elementary school, corresponding to 46, 37 and 17% respectively in our study. This should be considered when using the reference values in groups with low education.

When comparing the sample to the actual composition of the Norwegian population, 15% of the population was 67 years or above in 2015, while 27% of the responders were in the same age group \[[@CR32]\]. About 21% of the Norwegian population was between 18 and 29 years, while only 5% of this age group participated in the survey. The opposite pattern was seen for the older population. Thus, it is highly likely that the high mean scores for symptoms in the youngest age group are not entirely representative for the general population of the same age. The relatively high symptom scores in the youngest age group compared to the older age groups may indicate an unhealthy bias in the youngest age group and a healthy bias among the older age groups. Taken together, these factors suggest that the reference values might be biased due to selection among the youngest participants. Regrettably, our data did not permit further analyses to illuminate this.

In accordance with other frequently used PROMs-questionnaires, the MDASI assesses the most common cancer-related symptoms. The MDASI has been translated into and validated in several languages \[[@CR27], [@CR60], [@CR61]\]. However, the MDASI has not gone through a complete psychometric validation in a Norwegian cancer population. Following our study this may be a natural next step, as the symptoms of the MDASI and the fact that it specifically assesses the interference with daily living caused by these symptoms, makes it a highly relevant tool for patient-centered care and follow-up. Such a study should also include other questionnaires- such as the Quality of Life Questionnaire-Core 30 (QLQ-C30) \[[@CR62]\] and the Brief Pain Inventory (BPI) \[[@CR63]\], both which are validated and frequently used in Norway. However, given that the MDASI symptoms are common among cancer patients, and that the answering format is similar to other tools, we assume the Norwegian MDASI to have both high face validity and convergent validity, as is also shown in studies from other countries \[[@CR60], [@CR61], [@CR64]\].

Conclusions {#Sec13}
===========

This study provides the first Norwegian reference values for the MDASI. The presence of one or more comorbidities, increased levels of depressive symptoms and lower level of education were significantly associated with higher MDASI sum score. These covariates must be controlled for when using the reference values.

BPI

:   Brief Pain Inventory

EORTC

:   European Organisation for Research and Treatment of Cancer

FQ

:   Fatigue Questionnaire

HUNT

:   Health Study of Nord-Trøndelag

MDASI

:   M.D. Anderson Symptom Inventory

PHQ-9

:   Patient Health Questionnaire 9

PROMs

:   Patient Reported Outcome Measures

PROs

:   Patient Reported Outcomes

REC

:   Regional Committee for Medical and Health Research Ethics

SCQ

:   Self-Administered Comorbidity Questionnaire

SD

:   Standard Deviation

SF-36

:   Short-Form Health Survey-36

QLQ-C30

:   Quality of Life Questionnaire-Core 30

QoL

:   Quality of Life
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